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Abstract 

Environmental tobacco smoke <ETS)'is a complex and dynamic mixture of particles 
andgases which has been poorhf characterized. Most experimental research has involved 
study of, sidestream smoke rather than ETS., therefore ; such results are difficult to 1 inter¬ 
pret relative to human exposure. 

Biological markers , including cotinine in biological fluids'-.and DNA and protein ad- 
ducts , have been utilized to assess exposure to ETS; however-; none has been identified 
that can serve as a quantitative surrogate for ETS i As a result of the paucity of informa¬ 
tion regarding ambient ETS characterization and exposure assessment , it has been diffi¬ 
cult to evaluate the possible toxicological effects of ETS on humans. Development of re¬ 
levant studies involving animal and “invitro" exposures map provide important infor¬ 
mation on 1 the 'toxicology of ETS. 


Introduction 

ETS is a complex aerosol of gases amdi particles originating from' the smoke 
exhaled! bv. the active smoker and all other material released by the burning to¬ 
bacco product. The possible health effects of ETS exposure have been the 
subject of much public and scientific interest in recent vears. 
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Unfortunately. a meaningful evaluation of the potentiali toxicoiusical impact 
of ET5 exposure has been hampered bv incomplete information on the composi¬ 
tion and dynamics of ETS as well as inadequate exposure assessment. 

The present manuscript focuses on three areas in which additional informa¬ 
tion is needed to evaluate the toxicology of! ETS: Cl) the chemical composition 
and dynamics of ETS, (2) ETS exposure assessment, and (3) animal and "in vi¬ 
tro" studies in assessing the potential I toxicity of ETS. 


Chemical composition and dynamics of ETS 

The following discussion will be confined to cigarettes only. ETS originates 
from both the smoke exhaled by the smoker (exhaled mamstreanr smoke) and 
all of the smoke that is emitted! by a burning cigarette that is not mainstream 
smoke (sidestream smoke), 95% of whichis emitted from the tip of the cigarette 
between puffs (1). Comprehensive discussions of the physical and chemical 
aspects of sidestream smoke generation have been presented by Baker and 
Proctor (1) and Guerin (2 )j 

Most research efforts at characterizing ETS! have involved the use of side- 
stream smoke generated from smoking machines under standardized condi¬ 
tions (3-5). Over 100 chemicals have been identified in sidestream smoke (6). 
Values for each vary depending on the conditions used r generation and 
collection. This is further illustrated! by the wide range or values reported for 
chemicals measured m sidestream smoke (6). In am indoor environment side- 
stream smoke undergoes significant chemical and physical changes as it con¬ 
tributes to ETS (.7). These changes are termed "aging" and contribute signifi¬ 
cantly to the complex and dynamic nature of ETS. Aging is influenced by a 
number of factors including the type of tobacco smoked, chemical reactions, 
dilution, evaporation; ventilation^ temperature, humidity, lighting, and depo¬ 
sition onto surfaces. As a result, the properties will differ depending on condi¬ 
tions at anv given time, thus making it impossible to provide a definitive che¬ 
mical and physical description of ETS. For the various reasons described, it is 
not appropriate to directly extrapolate information on sidestream smoke to 
the qualitative or quantitative characterization of ETS. These problems not 
withstanding, considerable information exists on sidestream smoke as a surro¬ 
gate for ETS; however, such data must be evaluated in the proper context. Se¬ 
veral observations illustrate the variable and dynamic features of sidestream 
smoke-derived ETS (1, 6). It has been noted that nicotine, which is found pre¬ 
dominantly in the particulate phase of mainstream smoke, is almost exclusi¬ 
vely located in the gas phase of ETS. Materials in ETS decav at different rates 
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in the following order from highest to lowest rates: nicotine > particles > total 
hvdrocarbons = NO > CO : = CO > NO : . Particles mav become smaller throu¬ 
gh evaporation, they may increase in size through coagulation, and they may 
be lost by deposition on surfaces. Considering the more extreme nature of an 
ambient indoor environment, it is likely these changes would be even more 
pronounced and unpredictable. 


ETS exposure assessment 

I 

Monitoring exposure with biological markers 

While monitoring; the indoor environment for ETS may provide insight into 
the potential for human exposure, it is difficult to draw conclusions from such 
data on the intemalldose received. Accordingly, biological markers have been 
used as surrogates to qualitatively and quantitatively assess internal exposure 
to ETS. A major problem with such an exposure assessment: is that it has been 
possible to monitor exposure to only a few of the multitude of chemicals in 
ETS, thus only ai limited amount of toxicologically-relevant information has: 
been obtained. 

Nicotine, and it's metabolite cotinine, in biological fluids have been widely 
used as qualitative and quantitative markers for ETS exposure (:8L In gene¬ 
ral, nicotine is a measure of very recent exposure, while cotinine has a lon¬ 
ger half life. Oi the two markers, cotinine in urine or saliva appears to provi¬ 
de the best cc relation with'self-reported exposure (9). Nevertheless, there 
are significant limitations in the use of cotinine as a quantitative measure of 
ETS exposure {1.0k In nearly ail of the studies reported,, single samples of 
^ody flhid are collected. Such a protocol precludes assessment of chronic 
^TS exposure. Cotinine is a measure of exposure to gas-phase nicotine, and 
consequently, provides no information; on other gas-phase constituents, nor 
on particuiate-^hase chemicals. Additionally; cotinine is only one of several 
metabolites of nicotine and rmav not be the most abundant nor most consi- 
stent to measure. 

Exposure to low levels of nicotine may occur independently of ETS. Recent 
evidence exists that nicotine is present in a number of vegetables in our diet 
(Ilk therefore, .he low-level cotinine values observed in nonsmokers may not 
exclusivelv be a reflection of ETS exposure. Nicotine has been detected in hou¬ 
se dust in the homes of smokers and nonsmokers (12). A potential source of 
nicotine-derived markers is from nicotine-containing chewing gum used: to 
help reduce smoking. Tobacco-specific nitrosammes have been detected in the 
saliva of persons chewing ''Nicorette" gum (13)i It: is certainly possible that 
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low levels'oi corimne ini the bodv riiuids or nonsnroker> mnv arise, rrumi sour* 
ces other than ET5. 

DNA and protein adducts have been utilized'as biological markers to assess 
internal exposure to ETS (14)- The two adducts that have been monitored are 4- 
aminobiphenyl hemoglobin in the blood and benzo(a)pyrene diol epoxide-1 - 
DNA in peripheral blood cells. In addition to being present at low levels* 
neither adduct reflbetfe exposure to a tobacco-specific constituent, thereby 
making it difficult to ascribe their presence to ETS exposure. 


Toxicology of ETS 

Toxicological aspects concerning ETS exposure in humans are an area of: on¬ 
going debate and controversy. A number of reports have appeared alleging that 
chronic exposure to ETS results in adverse health effects in children andladults 
(15, 16). A bodv of literature exists which has provided strong scientific reaso¬ 
ning in dispute of that conclusion (17-1 The principal reason for this contro¬ 
versy involves the nature of the human studies which have been almost exclusi¬ 
vely bv epidermologicaliprocedures. Epidemiology is notoriously weak at esta¬ 
blishing causa li relations at the lbw relative risks reported in studies involving; 
ETS exposure. 

it is unlike!v that this controversy will be resolved bv dependence on further 
epidemiological studies; alternative approaches will have to be utilized inche 
ding studies using animals and "in vitro" systems Jn contrast to the abundance 
of epidemiological studies concerning ETS exposure, virtually no relevant infor¬ 
mation exists on the effects of ETS in animate and "in vitro" svstiems. In studies 
using, animals, the protocols generally have involved exposure to oniv sidb- 
stream smoke and at levels that are unrealistically high compared to ambient 
exposure to ETS (Tablb 1!)* As a result, it is difficult to interpret the results of 
these studies m the context of human exposure. Increased emphasis m ETS re¬ 
search should be placed on develbpmg and utilizing whole animal and "in vi¬ 
tro" exposure svstems and protocols utilizing conditions'simulating; ambient 
exposures. 

It has been suggested that ETS is just a dilute form.of the mainstream smoke 
inhaled bv the active smoker, and therefore, in attempting to understand the 
possible effects of ETS, it is valid to extrapolate from what is known about acti¬ 
ve smoking. There is no evidence to support such; an assertion., While main¬ 
stream smoke is highly concentrated, and its properties are rather well characte¬ 
rized, ETSTs exceedingly more dilute and far more dynamic. Thus* it seems ap¬ 
parent that comparison of ETS exposure to active smoking in a toxicological 
context is of little value (19). 
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Tabic 1 


EiYpm/mwto/ sfimi/cs ot tmwinl axtK^urcs to sirfcstreanismokc: 


Species 

, Level of Exposure 

Riomarker Air 

Citation 

Mice 

5.95% & 

11.25% COHb' 

— 

(20) 

Rats 

Hamsters 

3.37 COHb 

3.17* COHb 

25 ppm CO : 

(21) 

Hamsters 

— 

2,000 ppm CO 

(22) 

Mice 

Rats 

Guinea Pigs 

17.97 COHb 

19.17 COHb 

40.27 COHb 

— 

(23) 

Rats 

4,6-20.07 COHb 

— 

(24) 

Guinea Pigs 

39.47 COHb 

— 

(25) 

Hamsters 

5-157 COHb 
(approx.) 1 

— 

(26)' 


1 Carboxv hemoglobin; • Carbon monoxide. 
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